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Disclaimer

The findings in this report are not to be construed as an
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other authorizing documents.
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PREFACE

The work described in this report was authorized under
Project No. 10162622A553, CB Defense/General Investigation. This
work was started and completed in June 1992.

The use of trade names or manufacturers' names in this
report does not constitute an official endorsement of any
commercial products. This report may not be cited for purposes
of advertisement.

This report has been approved for release to the
public. Registered users should request additional copies from
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SIMULANT SELECTION AND ENVIRONMENTAL ASSESSMENT
FOR OPEN-AIR TESTING

1. INTRODUCTION

Scientists and engineers involved in applied research
or development programs related to chemical defense assessment or
materiel design often need to perform open-air testing with
chemical agent simulants. Before conducting open-air testing
activities with simulants, a systematic examination of possible
and probable environmental consequences was prepared, and the
results documented according to applicable tederal, state, and
local regulations.'?

In fulfilling the above menticned responsibilities,
these nission-oriented scientists and enainzers select the most
appropriate simulant for the particular =pplication at hand.
They also compile relevant gquantitative cata on the likely
environmental consequences of using the chosen simulant in a
particular application scenario and cervify (through the
Environmental Assessment (EA) documentation process) that no
unfavorable environmental impact is likely to occur.

Simulant selection and environmental impact assessment
are highly specialized areas for which knowledge of past activ-
ities and current data is particularly necessary. Accordingly,
the Research Directorate at the U.S. Army Chemical Research,
Development and Engineering Center (CRDEC)* has invested
considerable effort over the past 8 to 10 years in developing
basic research data pertinent to simulant selection and
environmental assessment. In addition, this data has been
catalogued in easily accessible databases to make the basic
research knowledge as available as possible to support specific
developmental activities.

In particular, the Chemical Agent Simulant Data Center
(cAspC)**® contains extensive data on the physical and chemical
properties of chemical agent simulants. A short summary of the
CASDC database is given in Appendix A. This database currently
contains information on 694 simulant compounds. The Chemometric
and Biometric Modeling Branch,** Physics Division, periodically
updates the scientific data in CASDC. The database can be
accessed*** via the initial menu (Option 2) in the CRDEC Database
Management System (Appendi» B).

*Now known as the U.S. Army Edgewood Research, Development and
Engineering Center,

**G, Famini, CRDEC, Aberdeen Proving Ground, MD.
***P, Coon, CRDEC, Aberdeen Proving Ground, MD.
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An extensive database covering the environmental fate
and hazards associated with chemical agent simulants is also
available. This database is known as the Chemical Fate and
Effects (CF&E) database® when it is referred to as a component
of the Simulant Program and otherwise as the Environmental Tate
and Effects (EF{E) database. A short history* of the CF&E
database for chemical agent simulants is given in Appendix C.
Currently, information exists for 68 chemicals. The scientific
data is continuously updated by the Environmental Toxicology
Branch,* Toxicology Division. This database can also be accessed
via the initial menu (Option 1) in the CRDEC Database Management
System. **

The extensive database support facilities described
above are of maximum value to overall Army development efforts
only when routinely and systematically used by applied
researchers and develcopment project managers, who expect to
become involved in open-air testing with chemical agent
simulants. The purpose of this paper is to help ensure that the
existence of such support facilities is widely understood by
those who have to choose simulants for open-air testing and who
must prepare the required environmental assessment documentation.
To this end, the paper "walks through" how the databases can be
used to help select a proper simulant and then illustrates via
example the nature of the judgement calls that are made in
analyzing environmental impact. As such, the paper is intended
to be read in conjunction with the overview of Army environmental
compliance regulations described in an earlier publication.'

The following section contains the illustrative
material showing how the two databases can be used for
complimentary analysis. The last section contains conclusions
and recommendations for further work.

2. SIMULANT SELECTION AND ENVIRONMENTAL ASSESSMENT

This section discusses the way in which the CASDC and
the CF&E database can be used together to help choose an
appropriate simulant for a particular application and subse-
quently screen it for potential environmental impact. The
examples follow the methodology used in a document entitled
"Significance of Expected Environmental Protection Trends for
Continued Use of GB, GD, and VX Simulants" (unpublished data,
March 1994).

*R. Wentsel, CRDEC, Aberdeen Proving Ground, MD.
**S . Lawhorne, CRDEC, Aberdeen Proving Ground, MD.
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For the purposes of this report, we will assume that
the chemical agent to be simulated is GB. Using CASDC, it is
possible to produce a list of compounds that have been used to
simulate GB. Such a list is shown in Table 1.

Table 1. GB Simulants

Name CRDEC No. CAS Registry No.

Diethyl Ethylphosphonate 002 78-38-6
l-Bromobutane 007 109-65-9
Diisopropylmethyl-phosphonate 108 1445-75-6
Dimethylmethylphosphonate 116 756~79-6
Dimethylpphosphonate 119 868-85-9
Methylacetoacetate 180 105-45-3
1,2,3-Trichloropropane 221 96-18-4
Diethyl Methylphosphonate 251 683-08-9
Ethyl~2-Hydroxypropionate 252 97-64-3
<,4-Hexadienyl Acetate 264 mm———
Chlorobenzene _608 108-90-7

Deciding which simulant is a "best match" to the actual
agent can be determined using the "ratioc distance' method
described by R. Crosier." Using this method, the various
properties associated with the simulant (denoted S;,) are combined
with the corresponding properties of the actual agent
(denoted A;,) according to the following formula.

)

N
antilog 2:
i=1

Different kinds of experiments, however, may require a
tighter match to certain properties than others. For example,
experiments emphasizing droplet evaporation and vapor
dissemination might require close matches on volatility and
density, whereas experiments dealing with decontamination and
contact issues might put a premium on surface tension and




density.’™!" Such sensitivity studies and hierarchial clustering

techniques have been reported in a previously published report.'

To illustrate the kind of sensitivity studies that may
be reguired, we assume that the key properties needed for
matching simulant to agent are as follows:

e surface tension, normal boiling point, vapor
pressure, density, volatility, and molecular weight

e volatility and density only
e surface tension and density only

Knowing the specific values versus the actual agent
values for the above combination of properties is necessary to
apply the ratio distance formula. These values, which can be
extracted from the CASDC database, are listed in Table 2,

The results of applying the ratio distance metric to
the values shown in Table 2 are displayed in Table 3. As can be
seen from Table 3, the simulants that "best match'" the actual
agent vary depending upon which sets of properties are deemed
most important to match. For example, the top three matches
considering surface tension and density only (decontamination or
contact studies) are the compounds CRDEC No, 002, 251, and 108.
For experiments in which volatility and density are relatively
more important, (droplet evaporation and vapor dissemination
studies) the top three matches are CRDEC No. 119, 221, and 252.
These results graphically illustrate the importance of thoroughly
understanding the properties that are most important to simulate
in a particular experimental configuration. Once this is done,
the data in the CASDC database, together with the ratio distance
calculation, can be used to determine a "rank ordered" list of
simulants to be considered for use.

We turn now to the use of the CF&E database to
associate environmental impact data with the simulants that
appear on the rank ordered list from the above mentioned steps.

For example, suppose we were interested in simulants
for the surface tension and density properties (decontamination
and contact studies). Of the simulants displayed in Table 2,
only the following three are currently in the CF&E database:

® CRDEC No, 108, CAS #1445-75-6, Diisopropylmethy-
phosphonate (DIMP)

® CRDEC No. 116, CAS #756-79-6, Dimethylmethylphospho-
nate (DMMP)

e CKRDEC No. 119, 868-85-9,

ilmeihylphiosphonate (DHHF)
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The information contained in the CF&E database on each
of these compounds is shown in Appendix D.

In judging the acceptability of using the above
simulants for open-air testing, same assumptions have to be made.
We assume in this paper that documented evidence of mutagenicity,
reproductive effects, tumorigenicity, human exposur=z criteria,
and ecotoxicity would signal a potential user that difficulties
in securing the appropriate EA approval lie ahead.

For example, consider the first compound listed
above - DIMP. As can be seen from examining the information in
Appendix D, DIMP is not listed in the Toxic Substance Conserva-
tion Act (TsScA) inventory, as a hazardous waste under Resource
Conservation Recovery Act (RCRA), or as a hazardous substance
under Conmprehensive Environmental Response, Compensation, and
Liabilities Act (CERCLA) or Federal Water Polliution Control Act
(FWPCA). Diisopropylmethylphosphonate has been found to be
nonmutagenic when administered to mice, rats, and dogs. 1In
experiments with rats, no teratogenic effects or dose-related
reproduction responses occurred. No information about tumor-
igenicity exists in the database. No threshold limit values for
human exposure criteria have been found. From the above data,
any opponent to a publicly advertised EA notice clearly would
have considerable difficulty in blocking proposed open-air
testing based on documented evidence of mammalian toxicity.

From the standpoint of ecotoxicity, there is evidence
that DIMP can cause gross (transient) phytotoxicity response to
tall fescue and short-needle pine. Diisopropylmethylphosphonate
also can burn the leaf tips of Black Valentine beans and
Whitchita Wheat at agueous concentration of 10-40 ppm. In
addition, LD50 values of 1500 ug/g have been established for the
soil/earthworm assay. Thus, depending on the "scale" of the
experiment that a researcher/developer might be planning and the
relative "sensitivity" of the local community, there exists some
grounds for anticipating a possible delay in obtaining EA
approval. Examination of the environmental fate data also
contributes to this concern, because DIMP bicdegradation in soil
and water is quite slow and biocentration in some plants has been
demonstrated.

We next consider DMMP. Dimethylmethylphosphonate is
listed in the TSCA inventory but is not listed as a hazardous
waste under RCRA or as a hazardous substance under CERCLA or
FWPCA. 1In the absence of metabolic activation, DMMP produced no
mutagenic effects to bacteria (salmonella) in Ames tests but was
mutagenic to mouse lymphoma cells. There is also evidence that
DMMP reduces sperm counts, sperm mobility, and fertility for male
rats. The National Toxicology Program (NTP) is currently testing
DMMP for carcinogenic activity. Dimethylmethylphosphonate is not
listed in NTP's latest Annual Report on carcinogens; however,
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data will probably support an NTP clars-ification of "reasonably
anticipated to be & carcinogen" - snufficient evidence in animals
and inadequate data in humens. No threshold limit values have
been established for DMMP, although, DMMP is known to cause
irritation to the eyes, skin, and respiratory tract. Aiso, the
Surgeon General has approved the use of thickened DMMP for use in
field decontamination vulnerability tests. From the above, it is
clear that enough data on unfavorable efforts for non-humans
exists to sustain concerns that might be raised by an EA
opponent. Some evidence also exists for ecotoxicity-bluegills
and fathead minnows. At the least, a potential, researcher/
developer should anticipate delays in obtaining EA approval for
open-air testing with DMMP although "scope and scale" would also
figure significantly into the analysis.

The last compound we consider is DMHP. The TSCA
inventory lists DMHP, but it is neither listed as a hazardous
material by DOT, nor as a hazardous waste under RCRA, or as a
hazardous substance under CERCLA or FWPCA. No information about
mutagenicity or reproductive effects is available in the CF&E
database. The NTP is testing DMHP for carcinogenicity. No
threshold limit values for human exposure to DMHP have been
established. Other than the fact that phosphonates will undergo
photolytic reactions with sunlight to produce orthophosphonates,
which in turn can serve as a sole phosphorous source to aquatic
plants, no issues exist with regard to ecotoxicity. Based on the
above, obtaining EA approval to conduct open-air testing with
DMHP should be relatively straightforward.

The above discussions illustrate that unlike the
"algorithmic nature" of trying to match properties of an agent to
a simulant, deciding whether a particular simulant will easily
pass through the EA process is highly judgmental. The
information contained in the CF&E database is essential for
producing evidence of potential mammalian or ecotoxicity and for
demonstrating that the researcher/developer proposing an open-air
test with simulants has followed the "prudent man" rule by
consulting available data sources, which can be presumed to be
current and scientifically accurate. However, Jjudgments and
interpretations that may be site specific, as well as dependent
upon proposed scope and scale of the experiment, still have to ke
rendered. 1In cases where the researcher/developer is uncertain
about the nature of the decision that can be supported by the
available data, consultation with the Environmental Quality
Office is essential. It may also be advisable to ask for "expert
judgment" after a thorough and systematic preliminary analysis
using the CASDC and the CF&E databases, as well as the EQO file
of previous EAs, has been performed.

14




3. CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER WORK

In this paper, the two key U.S. Army Chemical Research,
Development and Engineering Center (CRDEC) databases that have
been examined are Chemical Agent Simulant Data Center (CASDC) and
the Chemical Fate and Effects (CF&E). These databases have been
developed over the last 8 to 10 years that made possible the
systematic use of basic research data to select appropriate
simulants and screen them for environmental impact. Our focus
has been on illustrating how these two databases, which are
accessible via the CRDEC Database Management System, can be used
by an applied research/development project manager who must
choose an appropriate simulant for open-air testing and in
conjunction with the Environmental Quality Office (EQO) gain
timely approval for use of the simulant by following the
Environmental Assessment documentation process.

To illustrate the problem of simulant choice, we chose
a particular agent (GB), accessed via CASDC the set of all
compounds that had been used to simulate GB, and then produced a
set of "rank ordered" lists by applying R. Crosier's "ratio
distance" metric (unpublished data, March 1994). We then
accessed the CF&E database to discover what kinds of information
are available to support "findings of no significant impact
statements" or "otherwise" in the required Environmental
Assessment (ER) docurmentatien for open-air testing with the
various simulants. Of the eleven simulant compounds in the
CASDC, only three were also cross-referenced in the CF&E
database. Examination of the data for these three simulants
revealed that two simularts would be questionable (one highly so)
for use in open-air testing; whereas, one simulant would probably
be appropriate under most experimental situations. Relatively
more than was the case with simulant selection (via the ratio
distance metric), substantial context-dependent judgment is
required to interpret the implications of the data that is
available for the potential environmental impact of open-air
testing with simulants. Reccurse to "expert judgment" may often
be advisable after preliminary analysis, using the above
databases and the EQO's file of previous EA documents, has been
completed. To assist in this access to "experts", CRDEC has
recently formed a Simulant Use Committee (Appendix E). This
committee should provide the beginnings of what may become a much
more autcmated set of "expert system" capabilities build around
the CASDC and CF&E databases.

With this long-term (and difficult) goal in mind, there
are several areas where additional research work appears to be
warranted.

The first deals with the addition of a "ratio distance"

o - . LS :
aticnal c¢lement o the CASRC. Currently, it is pecesible to

calceul
use the database screening features in CASDC to list various
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subsets of the 694 compounds in the database and their associated
properties. It would be convenient to be able tc then apply a
"ratic distance" calculation to the chosen list of simulants for
a particular agent and a particular set of properties that are
thought to be most appropriate to the experiment being
considered. Such a capability would provide a useful "first
pass" at a "rank-ordered" list and make any subsequent
interactions with the Simulant User Committee more productive.
Refinements on this idea could in time lean to an "expert system"
program that would combine data in CASDC together with a
knowledge base of rules provided by simulant experts and provide
an on-line "simulant choice service" to applied researchers or
development project mangers. Such a capability would be even
more helpful if it could also access the data in CF&E together
with a knowledge base of rules about potential environmental
impact. This latter capability i:c likely to be extremely
difficult (if at all possible) as considerable variability in
applications and the context-dependent nature of judgenments that
have to be made in the environmental acceptability area.

A second area for further work deals with the
incorporation of the EQO's past files of EA documents into CASDC.
These EA documents offer "precedent® information that can be
helpful to a developer contemplating using certain simulants for
open-air testing. These documents currently exist in "hard copy"
form in the EQO. It would be of considerable value if the key
precedent data in each could be extracted and added to the
simulant records in CASDC. 1In this way, a developer could
identify at the time of simulant analysis whether an EA had been
filed before, and if so, who the appropriate point of contact for
further information might be.

The last area deals with closing data gaps between
compounds in CASDC and those in CF&E. There are about ten times
as many compounds in CASDC as in CF&E. Given the expense
required to conduct extensive experlments or environmental fate
and effects for simulants, it is unlikely that this gap will be
closed in the near future. Current efforts with finite resources
will continue to follow prioritization schemes such as those
described in® as well as respond to requirements from mnultiple
Government customers. Conceivably, software packages are now
becoming available to estimate toxicity values when certain
chemical properties of the simulant are known and could be of
considerable help in closing the data gap between CASDC and CF&E,
as well as responding to "new threats". The TOPKAT system
(conversation with H. Salem, R. Wentsel, and N. Chester, CRDEC,
June 1992) under development by the Toxicology Division is an
example of this emerging set of capabilities as is the software
produced by COMPUDRUG.!" These new capabilities should be given
added emph:sis in future work activities supporting the Simulant
Program.
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CHEMICAL
RESEARCH,
DEVELOPMENT &
ENGINEERING
CENTER

CRDEC’S SIMULANT PROGRAM

March 1992

The cost and risk associated with the extensive use of
chemical or biological warfare agents for developing
and testing military equipment has Jed to an
aggressive application of simulants. Simulants are
chemicals or chemical substances that mimic one or
more properties of chemical or biological agents.
Different simulants are often used, depending on the
application, because it is not possible to select a
compeound as a simulant where all properties arc
exactly the same as the agent.

The Simulant Program was created to consolidate
simulant information and data, develop a systematic
approach to selecting simulants, and to establish
CRDEC as a focal point for simulant technology, A
major goal of the program was to collect and collate
data in a systematic and retrievable form so that
subsequent workers can benefit from previous
rescarch. By including the rationale for simulant
selection, subsequent users should be able to continue
the line of reasoning or change for their specific
application. 7The availability of this information
should minimize the perfunctory adoption of a
simulant for the wrong purpose. For documentation
on CRDEC’s simulant prograri, refer o
CRDEC-SP-88012, Simulant Program, February
1988.

As a way of identifying simulant needs and assisting
engineers and scientists to identify those needs, the
simulant program sponsors an anpual workshop
dealing solely with simulant-related issues. Having
just completed its sixth year, the International
Simulant Workshop is held the first week of March;
the seventh workshop will be held 2-4 March 1993.
The proceedings from previous years are documented
in CRDEC-SP-002, Proceedings of the Second
International Simulant Workshop, Decsmber 10882

AT my,

CRDEC-SP-011, Proceedings of the Third

Internarional Simulant Workshop, November 1989,
and CRDEC-SP-025, Proceedings of the Fourth
International Simulant Workshep, July 1990, The
proceedings of the Fifth and Sixth International
Workshop are currently in publication. If you desire
additional information on our simulants program or
the workshop, please contact George K. Famini at
(410) 671-2670 or DSN 584-2670.

CRDEC’s Simulant Data Center serves as a
repository for simulant information that can be easily
retrieved through computer searches. Because it is
part of the Data Management Office system, the data
base is accessible, via CRDEC's Workplace
Auwtomation System, 10 those with authorized userid
and password. The data base contains numerical data
on chemical and physical properties and textual
information on the use and application of simulants.
All of the compounds frequently used as simulants
are included as well as others that were praviously
considered. Today there are 750 compounds in the
data base, and we expect this number to continue to
increase as new information becomes available.

Detailed information on the TN,
Simulant Data Center is available ,

in the Data Base Users’ Guide for T,.;...j.i
the Chemical Agent Simulant Data %

Center (Second Edition),
CRDEC-SP-037. This guide con- M,

tains discussions of all the data

items, procedures for conducting searches, and
qualifying inforration. Further information can be
obtained from the Simulant Data Center Manager,
Phillip A. Coon, (410) 671-3248 or DSN 584-3248.

ASCD

Approved for public release; distribution is unlimited.




THE CRDEC SIMULANT PROGRAM

George R. Famini
1J.S. Army Chemical Resarch, Development and Engineering Center
Aberdeen Proving Center, MD, 21010 USA

INTRODUCTION

Because of the emphasis on environmental, security and health issues, chemical and
biological agent simulants have become very widely used in the development and tesing of
chemical defense equipment and procedures. In fact, in many cases, only testing involving
simulants can be done. This includes outdoor testing, testing at a non-surety laboratory (such
as a university) are two examples. Although the use of simulants date back some thirty years,
much of the results, selection criteria, etc. remains fragmented and unknown to most DoD
simulant users.

In an effort to rectify this problem, the U.S. Army Chemical Research, Development and
Engineering Center developed a simulant program, responsible for the accumulation and
dissemination of simulant related information. Now in it’s eighth year, the program provides
physical and chemical property data on prospective simulants, as well as recommendations on
which simulants might be appropriate for a given experiment.

The Simulant Program was begun in an effort to address four aspects of testing and
experimentation with simulants: a) acting as a central repository for simulant related
information, b, measurement of important physical and chemical properties, ¢) development
of physical and chemical property estimation routines, and d) assist the end item developer in
the selecting the appropriate simulant for his/her application.

The Simulant Program is divided into three general areas of concentration; databasing
and modeling, environmental and toxicological properties, and physical and chemical properties.
Each of these areas focuses on a specific area where deficiencies have been identified regarding
information on simulants.

DATABASING

In order for the Simulant Program to be effective in disseminating information in a timely
and efficient manner, it was necessary to compile as much data pertinent to the use of chemical
simulants and preserve it in a computerize. database. In this way, information regarding
simulants can be readily retrieved. To date, the Simulant Program manages two databases, the
Chemical Agent Simulant Data Center (CASDC) and the Chemical Fate and Effects Database
(CFED).

The CASDC proiect was begun when it wac realized that, although there was a lot of

physical, chemical, toxicological, and application data on chemical agent simulants, the data was
located in many different places. As such, selecting the most appriopriate was often "hit or
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miss”, depending on the particular source a scientist happened to find. With the greater
constraints on agent testing, and the complete moratorium on outdoor testing of agents, it was
vital that as much information regarding simulants was available to as many people as possible.

The CASDC resides on a DEC Vax 11/785 running the VMS operating system. The
MACCX-II software for Molecular Design, LTD is used to manage the database. MACCS-II
is specifically designed for chemical databases and provides a graphical interface, structure
visualization, and a "point and click"” menu system. MACCS-II permits, not recall of all stored
information on a particular data record, but also complex searching involving any of the data
fields. Specific numbers can be searched for (for example a compound that boiled at exactly
200C), or ranges can be searched (ali compounds can be identified if they boil between 190-210
C). In addition, sequential searching is also possible, where the "hit list" from one search is the
input list for the next search. This allows for searching on multiple properties.

The CASDC is principally used to store and search for physical and chemical property
data on chemical simulants. In addition, some information on each simulant has been included
on the particular application, toxicity, and whether it was actually used or just recommended or
screened for simulant use.  The CASDC currently contains property data on over 700
compounds that have been used, or considered for use as simulants, Tzble 1 lists the specific
properties that is available in the CASDC.

The CASDC is commonly used in one of two manners. A user who knows which
simulant he/she wishes to utilize in a given experiment may scarch for the specific compound,
and extract the physical and chemical properties on that compound. Alternately, a user may
come to the CASDC without any idea of what simulant to use. In this case, the most important

physical or chemical properties will be identified (usually with help from Simulant Program
scientists).

A second database maintained by the Simulant Program is the Chemical Fate and Effects
Database (CFED). The CFED contains fate and effects information and related properties on
(currently) 68 chemical species, including the most commonly used outdoor simulants. The
CFED also resides on the same VAX as the CASDC, but because the need for chemical
§.ucturé and grapines was less compared to the textual requirements, is programmed under
RBase.

The CFED

MODELING

Modeling has become an important aspect of the simulants program in two basic areas:
1) development of prediction or estimation models for a variety of physical, chemical, biological
and thermodymic properties, and 2) use of molecular modeling and computationa! chemistry in
simulation and simulant selection. Both areas have had a significant and direct impact on the
Simulant Program, and both continue to play important roles in the selection of simulants.

The estimation and prediction of properties has provided valuable information when
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screening potential new simulants. While it 1s impossible to measure appropriate properties for
large numbers of chemical compounds, it usually only takes a few minutes 1o use many of the
estimation methods currently available. Although there are a great deal of routines available in
the literature. because of the unique nature of the compounds of interest to CRDEC, most of the
estimation methods had to be reparameterized or completely redone.

The growth of molecular modeling and computational chemistry has surfaced as an
important aspect of the Simulant Program. Computational chemistry programs are capable of
computing or estimating a variety of physical and chemical properties (described more 1n depth
in a subsequent paragraph). Molecular modeling capbilities at CRDEC allow one to compute
a number of properties, and permit direct comparisons betwecn the computed properties of the
simulant and the computed properties of the agent.

ENVIRONMENTAL

With increasingly more stringent requirements being placed on the use of chemical agent
simulants, awareness as to identifying "environmentally safe" simulants has dramatically
increased over the past several years. Because outdoor testing is necessary, and in many cases
cannot be adequately modeled by chamber or laboratory test, making sure there is an adequate
list of approvable outdoor simulants is a major thrust within the Simulant Program.

The evironmental arca has been actively involved in using existing state-of-the-art
techniques for measuring the toxicity and environmental damage of simulants. In addition,
research is underway to develop new methodologies that are faster and cheaper than existing

tests, but still provide sufficient information for detailed analysis and determination of the
environmental hazard.

Because of the changing requirements, many simulants in use outdoors today may be
banned from use in the very near future (1-3 years). It is, therefore, paramount that those

suspect simulants be identified, and that research is begun to find adequate replacements for
those simulants.

PHYSICAL AND CHEMICAL FROPERTIES

The proper selection of a chemical (and a biological) agent simulant is an adequate match
of appropniate physical and chemical properties, Without this proper match, an entire
experiment or test could be invalidated and the results meaningless. Knowing the phyical and
chemical properties of the agents and the simulants, then, is a vital aspect of the simulant

selection procedure, and provides the foundation for the CASDC, good simulant selection
criteria and methods, etc.

For this reason, the Simulant Program has an active program to measure a variety of
hysical and chemical properiies of chieinical ageni shinuianis,  Aithough, in principie, the
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physical properties group could be asked to measure any property of a simulant, the most 3
commonly asked for properties are vapor pressure-and liquid density.. A, ¢ -g_ug..—'f, '_TZ s

(%)
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APPENDIX C

ENVIRONMENTAL FATE AND EFFECTS DATABASE

Recent emphasis of environmencal issues concerning simulants was initiated
in a study led by Capt. Benunett in 1984. This effort reviewed uses of
simulants and thev selected 25 chemicals where summary data sheets wer:
prepared for each chemical. These data sheets listed phvsical and chemical
parameters as well as toxicological and environmental data. In 1985 TA2Z-I
was started and I went to Mr. Stuempfle with a program to address data gaps
N envirommental data for simulants. 1Initial efforts concerned
environmental fate assessments conducted by Howard et al., 1986 and
environmental hazard ranking c¢f chemical agent simulants by Reinbold et
#1., 1986, 1257, These efforts provided the information required to pian
and pricritize research efforts in the environmental fate and effects

area.

In 12846 - 2987 the Environmental Fate and Effects Database was developed.
Initially it was a combination of the Bennett report and the Howard
report. HMr. Lawhorme directed the application of the user friendly swvscem

and made it aveilable urnder the Data Management Office system. The
dacabase has continued tn expand from the initial 25 chemicals to 65

chemeials in 1992, Evrery year the Jatabase i¢ edited with new information
on existing cheusicales added aud additional date sheets on new chemicals
developed,  The format of the datebase and the referenced informacion have

made this database very useful to oD users.

Contract research efforts were initiated in FY85 and 66. Pacific
Negthwest Laboratory (FNL) was selected te cunduct studies on DFP and
DIMF. The dats generated are indicated on Figure 1. Syracuse Reszarch
Corp. (Howard et al.) generated envircamerntal fate assessments. The Corps
of Lngineers Construction Engineering Research Laboratory {(CERL) conducted
vesearch on hazard ranking and environmental risk uvn simulants., Under
TA5-1 research was also conducted to determine thne transport &nd microbial
toxicity of C-8 in soil columns, In FY87 and 88, PNL continued to conduct
researcn on selected gimulants CEES and BIS. CERL aszessed potential
acological 1mpacts from simulant use tbrough a survey of simulant use at US
Army installaticens. Inhouse laboratory ressarch was initiated to screen
simulants for their toxiclity to plants and earthworms, Dr.White and 1
identified additional simulants and in FY88 the major Directorates wersz
asked for inpurt, Kesearch was initiaced on the transport of simulants in
soil in FY3% and 90U, 5cudies continued on screening simulants for
terrestrial toxicity and PNL conducted research on DEM and MS. 1In FY21 und
62, PHL focused vn environmental fate issues of MS in soil. Iuliouse
research concerned identification of the toxic compunent of the PCAS/CADS
training wixtures., PResearch was initiated to address aquatic toxicity data
gaps using Daphnia magna and the Microtox sytem,
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CAS NOQ.

1336-21-6
505-60-2
126-63-6
3658-48-8
122-62-3
109-79-5
26264-06-2
7778-54-3
1305-78-8

2698-41-1
693-07-2
77-92-9

117-81-
257-07-
141-28-
762-04-
105-53-
121-75-
311-45-
56-38-2
84-66-2
2050-20-6
110-40-7
123-25-1
111-40-0
55-91-4
1445-75-6
627-93-0
868-85-9
756-79-6
67-68-5
34590-94-8
64-17-5
105-39-5
109-86-4
50782-69-9

MW OdDoo N

123-92-2
67-63-0
107-44-8
789-6-6
119-36-8

Appendix C

COMFOUNDS IN THE FATE & EFFECTS DATABASE
NAME

Amrmunium Hydroxide

Bis (2-chloroethyl) sulfide

Bis (2-ethylhexyl) 2-ethylhexyl phosphonate
Bis (2-ethylhexyl) phosphonate

Bis (2-ethylhexyl) sebacate

n-Butyl mercaptan

Calcium dodecyibenzene sulfonate
Calcium hypochlorite

Calcium oxide

Chlonnated lime
O-chlorobenzylidene malononitrilie
2-Chloroethyi ethyl sulfide

Citne acid (anhydrous)

DIESEL FUELS

DS-2

Di (2-ethylhexyl) phthalate

Dibenz (b,fj(1,4) oxazepine

Diethy! adipate

Giethy! hydrogen phosphonate
Diethyl maionate

Diethy! mercaptosuccinate,O,0-dimethyl phosphorodithioate
Diethy! p-nitropheny! phosphate
Diethyl p-nitropheny! thiophosphate
Diethy! phthalate

Diethyl pimelate

Diethy! sebacate

Diethyl succinate

Diethylenetriamine

Diisopropy! fluorophosphate
Di'sopropyi methyiphosphonate
Direthyl adipate

Dimethy! hydrogen phosphonate
Dimethyl methylphosphonate
Dimethy! sulfoxide

Dipropylene glycol monomethyl ether
Ethanol

Ethyl chioroacetate

Ethylene glycol monomethyl ether
O-ethyl S-(2-diisopropylaminoethy!) methyiphosphonothiolate
Improved Chemical-Biological Agent Decontaminant
Isoamy! Acetate

Isopropano!

Isopropyl methylphosphonofluoridate
Methy| Phosphonic Acid

Methyl salicylate
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127-18-4
108-95-2
96-64-0
110-89-4
25322-68-3
27306-79-2
763-18-69
497-19-8
7681-52-9
127-52-6
1310-73-2
7758-29-4
2551-62-4

134-63-877
126-73-8
122-52-1
78-40-0
512-56-1
7646-85-7

Appendix C

Perchloroethylene

Phenol

Pinacolyl methylphosphonofluoridate
Piperidine

Polyethylene glycol 200
Polyoxyethylenated tetradecy! alcohol
Silicon Dioxide

Sodium Carbonate

Scdium Hypochlorite

Sodium benzenesulfonchloramine
Sodium hydroxide

Sodium tnpolyphosphate

Sulfur hexatiuoride

Supenropical bieach

Titanium Oxide

Tributyl phosphate

Triethy! Phosphite

Triethyl phosphate

Trimethy! phosphate

Zinc Chloride
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T 1445-75-6 Diiscprapyi methylphosphonate C7+1703P

SYNONYMS

|
|

DIISOPROPYL METHANEPHOSFHONATE
DIISOPRAOPYL METHYLPHOSPHONATE

DIMP
METHANEPHOSPHONIC ACID, DIISQPROPYL ESTER
~PHOSPHONIT ACTID, DYTSOPROPYL METHYL ESTER
PHOSPHONIC ACID, METHYL-, BIS (1-METHYLETHYL) ESTER

PHOSPHONIC ACID, METHYL-, DIISOFROPYL ESTENR

Chemical and Phyc.cal Praoperties

Boiling peoint ertrapoiated 190. Q00 ~C C. Q00
Boiling point extrapolated 174, 000 ~C <. 000
Boiling pecint extrapolated 211. 000 ~C <. 000
Flash point 71. 000 ~C o. 000

. Molecular weight 180. 120 C. 000
Solubility (water) 1. 500 g/1 2. 000 ~C
Specific gravity 0.976 O, 000
Yapor_pressure 0. 170 mm Hg 2. 00C ~C
Vapor pressure 0. 0920 mm Hg 2. 000 ~C
YapGT pTEesSSUTE 0. 220 mm Ha 2. 000 ~C
Volatility 165000. 000 mg/m3 2. 000 ~C

DESCRIFPTION T

DIMP belongs %o & groupr of compsunds known as organophosphates.

MILITARY APPLICATIONS

DIMP hac spectral characteristics similar to those of the “~azents;
therefore, it is used in simulations involving general remote

detection.

INDUSTRIAL APPILLICATIONE

DIMP has no known industrial application.

ENVIRONMENTAL LAWS AND REGULATIONS

DIMP is not listed in the TSCA inventory. DOT classified the compound
as a combustible liquid (49 CFR3173. 115¢(b)); it should be hancled as

described in 49 CFR 172. 101, DIMP is not listed as @ hazardous wast:
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! under the RCRA or as a tazardous substance under the CERCLY or the
{ T THPUA, -
1
'
u XICITY N
! o
! Mutagenicity DIMP was norn-mutageric when administered to mice: vats.
i , and dogs. (109)
Lo il
Reprocuctive Effects: When rats were given DIMP &% dietary lezvels of ’
100~-300Q0 ppm. (107 np teratogenic effects or docse-related ra2z-oduction
» ! responses occurred.
: Tumorigenicivy: No | “yrmation found.
' Ecotoraicity: DIMP bu, «he leaf tips of Black VYalentine bzzans and
Whitehita Whec? 8% aguliius concentrations of 10-40 ppm. In greenhouse - ’
herbicidel screc..:..y tests at Fi. Detrick, DIMP spray aprlicstions a%t
U, 1 anc | pound perT acre rtezulted inm ro injureus effects tTo rice, T
merning alory, beans, oets, and soybeans {(Reference &£, rc &) .
=T oss pngtotoxlczzg Tesponses o poth teli Tescue and shorz-nsefle
pine have been determinad for DIMP. Severe damage occurras i both
“rlant specigs at Foﬁlzr ma. s loadings of I Yo 40 ug DIMP/CwZ T
fescue wa. found f{o be wore susceptible to DIMP damagsz %hs
chort-nzedle piny  EBavsrely detoliateqd plants exnibited T
within 21 days indicati~g a trarmsient impact In vitro )
performed ind -atc that phofosynthecis 19 affected. bus T e
_TEERITSTION. “her ztudies show TIMP to inhib
Concational Calculatec vor “hs susl/earihwernm B 3
_AS00 woim. e . :
Humar Zrp Presently: no TLY-Twé wvelues havs wzen ftoond
tor DIM T T o
Foute IR - Effecvs/Rema
E 1Al Y LS80 (4%
r T T T T TR T A TTomTTeme T .
T
_ S < B, - R -
3 L"“ﬁl_l 1Y o=
haieTionr Mice Q0,10 dies
T T T T "_”“TTS‘HTFW""—*“"““" TTd TgayE 3 T
erpru ures. 1]
T “wigne o %
;]
“Percusanecus | natrit A28 Temi/kg - d
undiluted N
i) — - B
Eue Rebbit 0 285 mni3/eye T i
wndiluted 54 : >
tieg. 24 hcu-s k .
o o lagvimation. zdwpa
=Teligns, reyg
e B8 T A8 PTE. 2300 :
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REACTIVITY
! : ('Y : - . > : [
.0 Alkali and Alkaline Earth Metals An erxothermic rTeaction may occur
| TOEGh miTing DIMP Wit ZIkEliTENnd SlWaline earthTmetals,
|

iscpropyl alcohol and m=tal salt of mechylphosphonic ecid.

TTE?TTEFEEEndET' AIO comrouncs may react with DIFP To prfedoce hatardoos
Pt conditicons.
P
5,3 Caustice: WUndeT alkalire conditions, the hydrolysis of DIMP Lleld,

Epoxides:
hazardous conditions

The reaction between DIMP and epoxides may produce

Mineral Acids: Tong f L ac _can
decompese and primarily yield alcchol and methylphosphonic

rxrceszive strong mineral acids can cavse DI™P

£
Tacid (110Y T

Organic Peroxides There is very little available informatior on ta2 -
reaction between DIMP and organic percrides. The reaction mayg produce

hazardous conditicns.

Oxidizing Agents. The exhauvstive oxidation 6f DIMP can yieid Etoxic — —

and corrosive fumes of axides of phosphorus, sulfur, nitroogen. and

n ‘-37:57\—t. - T T o T e T
TOETdIEITg MiAdT el TACICS ErCes31vE DrICiZing &aCits can decomeose DIMF

tx gizld negt and Toric fumgs of nid I FN O4lmes, sulfur 25 and

" o oy i ) , : .

TeEeCcy w.in DIMP to
,na,o THlammable T
TV TRINMENT AL FATD AND
ErdV S EQNMENT Ciisn P“Lr'l me;hglp QiR cONsTe
TATIMP Y ie A py-preducs of Tk nhrve‘bdﬁ'?fuduL 1ot The m)-“=rg use T
of DI diw &5 @ L-agpgent fsimulant, No 1industrial or consumar s¢5 of
LY MPT T ETHEUAT I the IR ETELLUTE T TDIMF TR IO ECTacER I T VRE” 53?7“571'"_”"—”'
av a4 vety slow vate. Dicoegreuztion in water is cxtemelg clov aslsa
Pﬁtfﬁﬁ@%ﬁé Torth EWiveUt Tand indivect) Tand hWideelysiE Tare ﬁYFifaht'""”
Tamoeve. mechanisms fo- TINP DIMP dues velastilize LnM1g 11
R i}"t"“_"*;"ﬁh‘t TEYperted e ralatilize murk Framwator T Atmod ic T T
nzlf-l:7eg .5 Bsirmated Y2 bg 20 dave based on hydvoxygl v"‘;:al
TEFREETICRT L %U"TETT“mau QECUT 1Y fEﬁFﬁ;?fEWT"EMY*"””’ B
migraie surnduater FPactenzentration 1in sanimals hag
TTed beer T bwé}Pr, Turopieaceairation in T some piznts Thas T T T
v TTRRTITLVCTALTES Tbe Treleassd Lo ihe envivonmsini es T 7
2 ELIOTL OT ¢ ey gurting the production of LGP nervs gsas of
Cwbocn 18 TsT _b"l._?: rf--? ol TRTEIV T U ey aice By teledses or spi:led o
S Gurang its trancport. ciovage or USk as @ G~aqnnt simulant (Ligy
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' _TERRESTRIAL FATE. DIMP 15 mebile in soil as evidernced by 1ts
| groundwater migration at the Rocky Mountain Avsenal (153, 153).
0'Donovan and Woodward :1534) also demonstrated thaet DIMF ;15 mchile
TTunder simulated irrigation cundxtions DIMF, 1in spite of 1¢s3
_relatively high water sclubilif end low vapor pressurTe evapsrates
" from soils (119).  Evaporation lonseb were 19% from a 23il bir nter T

flask (119), < 5% from dry soil and 18% from moist spil in 10 4 days

. (154),  DIMP applied in irrigation water is ultimately distrituted
throughout the =il profile +{thus demonstrating, that DIMP moves with
itrigation walter., " & hydrolysis half-1ife for DIMF in grouncuaster has
been estimated at 687 years (&&), indicating that hydrolysiz in s0ils
will be an insignificant removal mechanism. '

AGUATIC FATE: Bicdegraiation of DIMP in natural waters was nct
observeg after a twelve weef incubation peraond (119). Hydrolysis and
photolysis are inszignificant removal mechaniems (119). DIMP £Zid nct
bivconcentrate in either ducks or quail (153) or in bluegilis (15&).

ATMDSPHERIC FATE: PIMP in_the atmosphere is estimated to havs a
he .f=1ife of 2.0 daue based on oxidation by hudroxyl radicals (12&).
Itz high water sclubility would slso suggest that washout of TIMP will

be an important process

" BIODEGRATATION: 1In agueous media, DIMP did not biodegrade arier
incubation for 12 weeks in neturael water or for & weeks wiih

acclimated soil organisms (117). Additionally, nec biodegradztion uwas
observed when DIMF was suvpplemented with other carbon sourscss such as
giucose, yeast extract, gluzerol. and svccinate. In svi1l, however, o
DIMP was biodegraced o1l which had pewn Innoculated witn azclimat ed
501l mineralized DIMP a: & faitar rate than umacciimeted soii. T T
However. bilodsgr=afation rvas WET e s]nu the vrigcclimated nczl would

‘have teguired mo—z fnsn &
year o ‘minerelize 59
€, L3HP biodegraca:

aT s —rd "th= acciimated foil mors <-hanp onre
£ I Thnese ratez: we-e at 23 at 1u
completely cioppred (a: )

.'I! }'p

i

AUISTIC DEGRADATION falf—1i =t 10 ¢

from nudrelysis raves EC O (A4S wers Taliow

530 years (117) Tond &5 Ertrapelation waz %o

_tnis war consideveﬁ tﬁ Z TEpTEE . eTatur .
groundpater in 3 zte (ALY : Pz z &
be _an ﬂS.Bﬂlf}C.NT T“ﬁ‘ Fosiem for DLVP ERDEAN Iy

wiien
= the
due to

¢:istillied and Ro;.g ‘eeral water, di1d not pho
expnsed tp light il c-'Q(‘__'l“"' tor @2 _howrs (9 7 deys)ii:q9

3+

s

v,

atmosphere, DIMP (¢ eutimated to fiave wo half~li1fe 0f 3.0
{

_ozadation by hudrexul vsdicsle (t2&), i e
CBIOCQUCENTRAT SOM:  DIMP €id neot biorepncantrate irn the adipose of
eicthes duchs ¢r quail (183) or irn bluecill figh (1D&).  Blighs
_biascontentraticoy o3d ocsui. bowevzv, 10 _5U4eT bect, ctarrvrot  uwhest and ]
t=ean plants grow: foth rygdroponicas:ly and in 01 (154). " genefaij' o '
the leaves of %the plent. btad the highvet bioconcertation farnior

the spi1l. MWheat leave: eoil

L i
j 3 g
relativo tu Lhe Nydropo,l it mejium a e
zentretion, Ffacter of 110, the
"
o

_Jﬂ:ygn{_mﬁﬁw +oy1d tn hove brocon

fighesy ©OF The pLEN(S Listed above. Dirir Q”OIJUQ to corn Faves ¢id
_nod trans ]w;gue bur when anplied to sugarbeet leaves, absoried and ]
transiccated Lo all parts of the plent (escept £ new leaves: after 72

_nours (241, Heysatad agpircetions of avrigation water, which i3

TTrantamirated i DUMETY
bioconcentrabien of DI

§ Tresulz in atbsorprion, Yran.locatio- ang
in plant tissue (24)
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{ SOIL ADSORPTION/MIBILITY: DIMP is mobi1le 1s s0il and groundweter as

evidenced by 1ts detection :n groundwater outside the boundaries of

i the Rocky Mountain Arsenal (152,153), Some adsorption of DIMF to soil
i may occur, however {119/, Hpansgcrd et al. {IT%Y, found that after
. 32 daus of opertration, 874 of the added RIMP rteinained in the msdium of B
a soil percolator. Theu speculated that the reduction of wimP

1
| | concentration may have bteen due to adsorption since no further
|

Gecrasce in DIMP concentration cccured af ter an additional 12 weeks of

i'z operatian

0 UDLATILIZATION FROM WATER/SOIL: O‘Donovan and Wocodward (154) studied

soil. DIMP was mixed with so0il in columns 4 inches deep and sir

days) aof treatment, the dry socil retained over 954 of the i1n:tial

Mgivected across tHE surtaces, After approximately 290 hours (10477 7

the volatilization of ridicactive DIMP (20 ppm} from dry and moist

Tadioactivivy while The moi1st sc1l retained /B4  In batch soil
biodegradation tezts perforred &y Spanggord et al. (11%9), 13% ¢ the

incubation. When epplisd te "orn and sugarbeet leaves, 94-F7% of the

Total T&C-DIMFP volgtilized frem @ so01l biometer flask during =4 weeks

TDIMF veolatilized, vegpectively (24). 7 )

WhaTer CONCENTKATIONS: In 1974, DIMP concentrations as higr a:z 44 ppm
_were detected in arounduwater nesr one of the Rocky Mouniain ~rsenal
 waste ¢isposal pends (1520 Grobndwater concentrations ranged from
this nlgh concent-ation dcwr te the detection limit of O O0CGT ppm
(152). Groundwatar from FPit 4 of the Rocky Mountain Argenal T
cuntained 1.10 ppr DIMP while North Bog surface water containsd from
D. 26 to 0.27 pum CIME (31193, ;MP concentrations in ocne cf trne waste
storage ponds (B: Poat i f ;ip_poxn*““n Arzenal was “ouwnd 4o be
11. 2 ppm (357 Une documer ;:2LEC in 1982 (1583, hcunvcif“?ESEftg"““
thea®t theo compountd cimeftbul methylphosphonaete (DMMP) may hs

T incorrectly ident:fied a3 CIMP.  Thus, 50mMe previcus monit
+or DIMF may be arrerrect

EFFLUENTS CONCENTRATIONZ: IMP concentrations in brine eFfz»hn+ From

TGE Terve sgent ¢iifeasl wangesn trom ¥ o 21 mg/E (189)0

collected

o 4

8% ¥ ;
rontained from 1.0 to & 5 =y
O ppm DIMF (11%

“PFROEAZLE ROU ""“374'iMEE_EXF'SUEES:_"THE_ﬁBEf_5?36551E_FEU¥5“EfnhGhan”"
nat

expzavre to DIMP := fyor contam:

ted dgroundwater.
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T56-79-5&

Dimethyl methyiphosphonate {ZH30V2PTOYCHE
bl
| SYNONYM3
| TDIMETHOXYMETHYLPHROSPHINE OX:IDE
; DIMETHYL METHANE-PHOSPHINATE 3
‘ DIMETHYL METHYLPHOSPHONATE
; DMMP o L o
: METHANEPHOSPHONIC ACID, DIMETHYL ESTER
PHOSPHONIC ACID, METHYL-, DIMETHYL ESTER
Chemical and Physical Properties
Boiling point 181. 000 ~C I, 000
Density 1199 g/7/7cma3 ZTO00T T T
Density 1.145 g/em3 zv. o0G ~C
riash point (clozed cup’ 104,300 T 27000 T
Flash point Pensky—-Martins 93. 300 ~C <. 000
Flash peint ‘cloe=d cup) 42000 ~C T TTTTTTLTO0L T T T
Fiash peint (closed cup:’ 105. GO0 “C -, 00C
Melting point -50. 000 °C . 000
Molecnlat weight 124, 09C :.OOO
" Specific gravity T 1.145 i Z77000 T
__Mspor pressure 0. 870 mm g i 27,000 ~C }
Vapor sressure 0. &10 mm Hg 22000 ¢
Vapor [TecsuTe 1. 00D mm Hg 2,000 €
Yepor =zpecific gravity 4300 Y «To T
Viccozsit 1. 81C cs =ZZ.00C ~C
Voleviiity T T T 21067000 mgml T o0
_Molasiiity L 4074 000 mamZ =000 -2
DEESCRIPTION
DMM® pelaongs to & greup of steble orvecangphospheorusz esters inaurn as the
“céialkul alkylphozphonatee ™ " I1 is classified e & diester <+ 7 777 7 7
methylphosphonic acid
MILITARY APPLICATIONS
Tre volatility of DMMP :s <:milzstr to thzt of many non—-psrz:zT:z=nt
G-agert:z. Becaus:z of this. DMMF has been used to study ] '
vulnerabilities of milizary vehicles: shelters. protective ma:z kc, and
{:1lcevs. {7ean ceoontamination: ChEiTxlCEu. un—;:‘u_;—t—;;_-l_"_;— Tdecomts at: o
capebilities, and aircraft spray tank discemination.
commonly with thickeners and dyes.

INDUSTRIAL APPLICATIONS
-— —Appendix D




UIn IMeUSETY, DMMPTIT UUSTd AT E T lame retardantradditive and vigcosity T

;4 deprezeant in resins le q. unsaturated poluesters and epoviez), 1t
! :_-_i_ EEE 1§c\'g ety ':AL-TJ—C“-:“‘_‘n‘;— -] _UIQE”t SEpaT‘a\Jan, e

coempounc is also used @as a preignition additive for gassclins. as an
, Tantifoam agenty plasticizer ‘and etabilizery Tertile conditianEr—and ~ ~
I | antistatic agen%t, and as an additive in solvents and low temperature
| TRGdracTic Fluids (79)
l

TENVIRONMENTAL LAWS AND SEQULATIONS - ‘ T T T

"DMMP 15 listed in the TSCA inveniory (45). DOT regulations classify
; the compeound as a combhuctible liquid in 49 CFR 173.115(b); handling
i Tguideiines are found in the hazardous materials table

: (49 CFR 172. 101). DMME 158 not 1isted as & hazardous waste under the

TRCRA. nOor as & hazardous tutstance under the CERCLLATor the TwCa.

TOXITITY o .
THMutagenicity: Iﬁ“EbsenEE"B?_ﬁEféﬁbﬁiE“EEETVEtiEﬁT—DHMP”ﬁFb?JEEHﬁﬁbﬁm‘”""“

mutagenic sffects to bacteria (Salmonell in Ames tests (72), but was

Tmotagdenit ¥o moUse 1gmphomaTcellsT twith and withoUGt metabolic — "~~~

c;-..;V_'tLDﬂ)(7=).

Reproductive mffects: {1623, DMME reduced sperm counts,

TmEbIENTT and FeTE{iitgTof male rets! T TWithTincregdsing dos

the numbter of pre: ﬂaﬁrlcs dc:reesed, the mean litter =zi:ze

End the peroent of regoTpiigns intveased. T T T T T T -
F

TUMETigeniCcity The Maticnal Tcoxicolicgy Frogram (459 e T
testinge DMMP for carcincgenic activity.
_Ezeotorigity: The {94 nr. i 51 mg/l for bluegills (Lepomiz

“macroc!irusl); 38-=8 ma/l fer fathead minnows (Pimephzeles promslas)
(Lucway Proving &G-ound. unpublished date).

Testatiiched for LMMM-T ihe compound ceuces itritation of tne zyes;
ekin, ard vespiratory tract. An crcanophoesphoerous compounz, DMMP
T enparenvlu has 1:1%¢le o nc effect on cholinestarase level: (U8 Naval
Surtace Weapons {enter, 198Z Draft Repart)(162). The Army Surgeon
Gencral hes appro-60 th:Ckened DMMP for uUse in Flelc deconcZm-nation .

vulneracility tects as zescribed in reference 163,

Human Exposure C*-trrLa Presently, no TLV-TWA velues havs ozen

Carcinogenisis: cufficrent evidence exists to indicate thar CMMP
TTaused Tantev of the T FidnegTin wmalé Tats< T T There is no evidenie of T
carcirocenic activity 1n female vaftz or female mice. The stucy of
CETCirocenit &ECtivity 17 mAle mice wat inadequate bECauze of f“ecreaseqd
survival rates. DMMP iz no%t listed in NTP’‘s latest Annual E=zpert on
TTATCinocens, nowever deza will probably support an NTF ¢lassiication —— ~
of “reasonatlu anticipated To be & carcinecgen.” Thics i6 enuivzlent to

- an IARC cCiascsifitation cof 2F {suffitient evidence In animels anc
inadeguzte data in humars: (2721,

' Route Species Dose Toxic E?(etts (ﬁgS)

' —_————— — o s - — —— —— i - - —
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o L o

b

b

.. Oral Rat 150 mg/kg LD50 (22&) T

o (in corn o0il) .

1 Rat 4540 mg/kg LDS0 (7%

! Percutaneous Rabbit »4&40 mg/kg LDSo (7% T

i I e

E " Eye Rabba t Nonirritan: (79)

[

1

{ T Ekin rabbit A hr. exposure Mild Irritzrt (7%)

' REACTIVITY = T ) N T
Alkaly and Alkal:ne Earth Meteic. When DMMP 1s mixed with tnzse T
metals, an exothermic reaction ray occur. _ i
Azn_Compounds: _ DMMP mau react with azc cempounde to produce razardous
conditions, However, little information 1s available on these
conditions

__Cavustice: DMMP :z slowiy hudrcluzed under alkalire rondifisrs to
pTroduce an alkal:r calt of methylphoephonic acid and methyl zil:zohel
(23). . — - e e e - —— e

WNen—oxidizing Mineral Acids: The non—or‘dxgxng mineral ac:

hydrolvze DMMP %o highiy flammable methyl alcohcl (flash p-
_end mettylphosphu=ic acid: a fei:viy cirone acid (f1-st ion
tonstant (pkl) 2. 2 et 222 - 25 C (42)), T o
0T ganzi FETGrsdeEr | Mixonc DM
tszardoue ceonditiont. huiusver,
Crhavstive ©s
T Gr3gis of pncs
Dridizime MinerTel ACids  Ercfeis
MMME  =r s ml1 A Frmy v r Lgimmi e ae = =
E I N Y - L‘JCLU LY I [ S 4 I -y PAIASS SL = l
phosphorus cxidecs
Reducingz Agents In ge-erz.. c:alvul wilyphozpnonetes are —2:1ztanrnt
_ %o Teduting agenti.  Maiterizi: =zvgh &s sofium OT sluminum :
lititle effect. Stvonger regucling agente o Teact. but info-
ecant. A exothermic Teaction mau occur, especislluy 1f th
contasinz some water
Weter Reactives DMMP car recct with watsr Teact:ve materis sz %o
yield heajwéignc'withmggi;}_arg_q:<1lanmar1= gazeT _ o i
ENVIRONMENTAL. FATE AND =FFECTES

ENVIRONMENTAL FATE/EXPOZURE SUMMARY-ENVE:
pounds of DMMP &re manufactured annually in the United Stas
used a: a flame reterdant and ac a viscositu defrescant in
and epoyy resins. A military uvse of DMMF 15 as a simulant
non-perzistant G-soents. 1t i not known how much DMMP ernt=
epnvirenment, buf 211 mau ing U §

Eetween 6.2 and = v

f‘1111cm

be reieaced during its manufacture
-~— —Appendix D 46




'l

DMMP will hydrolv:ze to the half ecster and methanol with an ezrvimated

helf-11¥Fe of 13 & yeare at 2l T Half-lives in muddy water Tange from
7-2.0 dsys, depending on the i1mnitial DMMP concentration and *‘re

temperaiure. HMr half-Tives in =01l renae from 0 Z-30 dzusz with an
averace helf-life of 12 4 d=ys= tio informaticn was found on

velatilization ratesz, phatoiys=ice. or biodegradation

ARTIFICIAL SOURCEZ-ARTS: & total of 200,000 to 2 million reourds of

DMMP were manufactured in 1577 by Mebil O0il Corporaticon and Srauffer
. Chemical Company (1Z1) — These two companies continue to bz the tole
__producers of DMMP an th=z United Gtates(192). DMMP is vused z: a flame
“retardant, a5 an intfermzdiate 1n the manufactitTe of severali = her T

flame retardant< le. g Frgol 76. Antxblaze 19), and as a visc sity

I’:
DMMP mau be u_ed =g botr a viscosity depressant and flame “ezerdant in
The manuvtacture ©T bathiuvhs and showevr stells (I&ET A militaTy uUse

of DHMMF 1s as a T:mulent of non-pevzistant G-agents (118&)

TERRESTRIAL FATE: DMMP will nydrolyze in moist scils.  Alrtra.gh no

infermation wes fcocund, RucTthavsiz tates in meist soil wili ercbably be
similar to those 1n wetar, in environmental chamber atudizs DMMF =t
initial concensrations :n £-:: trom 100-1000 vg/g had hais—iives from

0.2 — &0 days (127). Tre average helf-1i1fe was 12 4 days.

Temperatures ranced from 10-40 C, wind speed from O-4 mph, anc the T
61l moisture comtent from 1-5% The transport of degradavtin- process.

Tesponcible for tne lcss of DMMF was not determined

AQUATIC FATE: DMMF im water wilii hudrolyze to form the hs. er and
mcthancl (1&E° “ucrcliysis ha.f=lives. extrapulated from
higher temperaturess (2. ©0. ant 28 (i(i22) and unspecivizz ¢ re
estimeted tc te 1% 2 yesr: =t =z ( and 422 years at iC { ir a stugy
“performed by the U £ &Army 1270, DMMP hslf-lives in musz. wetsr
ranged from 7-2il woaucs 7 cay ang 210 doy half-live: zo--ezpondecd
to iniilal DMA TCET ) 500 and 1000 Ug/g and vemrz-atures
of 40 and 10 C, = c e removal mechan1qm for Dnris
TCWEVET . WwWa&s ro:t L = O fareval mag have teen duge o 2n: oT more
mzcharizms suth : coc"*p 10T, uudrnihs:a
T iogdegT=adation, T T T o - ’
TATHMOSPNENIT TATD T Ui sTmozpnetic haif-1i{s Tov DMMF 1% cifivated Lo T T
re 1.& months $172)
#RICTIC DEGRADATITN. DeME owall hgdroldze to the haelf este- a-
TRTERARCL (1661 Tmal-=):ves fa- DOMHF are ctalctulsted tc be’ ?37; yearz
and A4Z. 3 yesrs &bt 20 C =nc 10 T. respectively. Thesze twe nai*-iives
wsTe caiculsted ¢ tocllected at 98, 90, and So C (12=).
The corresponding T eLe corsiar {kyr1Q0—-¢tsec—1) for thesn trree
temperztures were . 9z, 1. 1%, af OfSG“" Activation eneroy wa:z 19.7
keal/moie and the loc A facrzeor wae 5. B7. The pH, houwever. w=z:
unspecified. Nc 1615:5_}_0r_222“¥51nd on DMMP phetelyus:s. T T
Information 1%, howevst avaiiakle on a similar compound. -ri1zopTeopu’
methylphosphonate (LIMF:.  DIMP. in both cdistilled and Roc- fzuntzip
Arseral water. did not chcoticluze when ezposed to liaht {(I230 am} for
232 hours (9.7 davsy (3:1§:  ihuz, photolusis of DMMP may =2i::¢ be

insigriaficant.

BIOCONCENTRATION: The ~igh water splubility of DMMP suggezt that a1t

will not bioconcertrate i1n aquatic organilisme.

SOIL ADSORPTION/MOBILITY. The high water solubilitu of DMMF suggests

——Appendix D - s .




that 1t will not zcorb to csoils or sediments. Therefore, DMMP would be

,(‘?Ybecfﬁﬁ“to"1bafh‘th?b0;ﬁ”@oii‘énd”ﬁUﬁ?TUTU“Pnter“gfﬁunawatér,

-i VOLATILTZATION FROM WATER7SOIL: Theé Touw VvapoTr fressure (0. &1 mm Hg at
q 2% C) (118) and high water solubility of DMMP suggests that 1t will

1 not readily vclatilize +rom water or s011s.  HOwever, DMMP ha< been
detected in the air near a liquid waste pond at concentraticns as high

as 109,000 ng/m3 (187>,

' L.

' ATMOSPHERIC CONCENTRATIONS: DMMP ambient air concentrations &t three

' different locations nea~ the edge of a haravdous liquid lagcon were

109, 000, 10,800, and 2430 neg/m3 (187).7 Concéntrations at two sites
approximately one mile ¥rom this lagoon were 31 and 20 ng/m2

' PROBABLE ROUTES OQF HuMAN EXPDSURES: Human exposure to DMMP p-obably

T will occur primarily 1n occupational settings. Specarticallu., erposurte

4 may occur at DMMP production cites and where DMMP 1s used az s flame
Tetardant and as a viecosity dépressant In polyester and EpCxy TE€s5InsS,
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368-85-9 Dimethul hudrocen ghosphonate {CH30Y2PCUH

T SYNONYMS

DIMETHOXYPHOSPHINE OXIDE
DIMETHYL HYDROGEN PHOSPHITE
DIMETHYL HYDROGEN PHOSFHONATE
DIMETHYL PHOSPHITE B
DIMEiHYL PHOSPHOROUS ACID
DMHP

PHOSEHONIC ACID, DIMETHYL ESTER
PHOSPHOROUS ACID. DIMETHYL ESTER

Chemizcal and Phusical Properties

Boiling point _ 171. 000 ~C . 000
Boiling point 72.500 ~C 23.000 “C
_Flash point closec cup . 25.000 L <. 000
Melting point - 25%.000 ~C 35,000 -
Molecular weight i 110. 000 ¢. 00¢C .
Octancl /H20 part. coef. C. 490 <. 000
Salubility (water: L 490000.000_mg/l___ _ _ __7.600
Specific gravity 1.200 2%. 000 ~C
Yapor [TEISuTe 1. 500 mm Hg 20,000 ™C
Vigcosity 1. 060 centicto 2Z. 000 ~C
volatilitu 15200. 000 ma/m2 25,000 7C

- DESCRIFCION__

DMHF i the chem:cally neutral damethyl ecter of phocsphorcus =cid

_MILITARY APPLICATIONS

DMHF is a simulan%* used in studying the spectroscopic behavior and
ionic reacticons of tne cthemical agent Vi,

INDUSTRIAL APPLICATIONS

DMHP ie rpoutinely vsed in industry 2s a lubricant additive and as an
edhecive. (2&)

_ENVIRONMENTAL LAWSE AND SEGULATIONS

_DHHP ie listed in_the T3ICA inventory. £45) The compound is noy listed
ac a hazardous material by DOT, as & hazardous waste under the RCRA,
—-—Appendix D 49 _
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or as a hazardous substance under the CERCLA ovr the FWPCA.

TOXICITY
Mutagenicity: No information found.
Reproductive Effects: Mo infermation found.

Tumorigenicity: As of January 1983, (45) DMHP is being tessed by the

National Toxicology Prozram for carcinogenicity

Ecotoxicity: Phosphonates will undergo photelytic reactions with
sunlight to produce orthophosphates. The orthophosphates can serve as

"3 sole phospheorus souTcs to agquatic plants. (23)

Human trposure Criteria: Precently, no TLV-TWA values have been
ecstablished for DMAP,

Route Species Dose Toxic Effects (Ref)
Oral Rat TTT&250 mgrskg T TTTUTLLDSGO (45 -
Eye Ratbz s 20 mg 728 hrs. 7 T Eevere Irritarior (43)

Srin Rabo1x wOU mt. =4 hys. Teaerete Irritavocn (457

"Aikali anc Alkslinme EevTth Metels: Thece metals may repiacz Zne T
VnhocnrDTUG—bﬂﬂqgi_hLdTD er on DMHP e yield hudrooen gas (nignly
flammatie and exnlosive' anc the metzl cderivative of the dizzzer. (4B)

Az0 Cempounds: L:ittle :nfcrmation was sveilable according t©=
reference 26; howsver, 1t 13 pocsible that reactions betweern cz20

sompounde and DMAP may ~roducs hazardous conditions.

Caustice: Under allaline concizions, DMHP undergoes hydroiy -
yielid methyl alcongi_lEngnmipfigl_ﬁc;gf_belpg) and the eceorra2zronding

selt of phosphonic acid Ale come heat may be produced.

Epor:ices: Miring these materials with DMHAP may produce harardous

cenditione,

Mineral Acids: DFiHP mar be hudrolyied by tronq mlneral aciaz to

iash point:

=1
T

yi€lc meshyl &iconol inighly heiardous.
phosphornic (phosphorcus: acid.

Orzzcnic Feroxides: Rearticn between tnese perorxuec and Dridr may
LT el L@aZaTUUUT «~UNULLLOIS, T
Dridizing Agents. Alonc with heat: erxhauctive oxidation or ohHE may

yield toxic and cerrosive fumes containing oxides of phosprorus,

sulfur, and nitrogen.

Dxid:zing Mineral Acids: The reacticn between DMHP and oxidizing acids
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may yield heat and toxic fumes containing oxides of nitrogen,
phospharus and/ov sulfu~,

|
|

Redvcing Agents: oee Alkall and Alkaline karth MeTals abave.

. T Water Reactives: In adlition to toxic atd/or Flammable gas scch as
!J hydrogen, (48) DMHP may react with these materials to produce heat.

ENVIRONMENTAL FATZ AND ZFrECTS

f ¢ ENVIRONMENTAL FATE/EXPOZURE SUMMARY: Dimethyl hydrogen phoazphonate is
FTusUC.C Jn signiticant quantities and 18 Uted & a fiame vetarcant
and chemical inftermediate, and in lubricant additives and adhssives

It 15 nct known how mucr 1s released into the envirtronment. Ir soil, -
DMHP wi1ll probably hydrolyze and leach into groundwater (whets it will
completely hydroluyze); it will not velatiliie significantly. In

water, DMHF will hydrclyze but will not evaporate readily ncer sorb to
sediments or biote. 1%t i€ not known if DMHP biocdegrades. sitnough it
may photodegrade since ciethyl hydreogen phosphonate appears tc be
photosensitive, The fate of DMAP in a1t is not known: althovs

rhotolusis may ofcur.

ARTIFICIAL SOURCEZE: DM-P 1c¢ used as a flame retardant in ta:zviles

(1&61) and as a chemical intermedisse, lubricant additive, &are io

adhesives (&9, It is used by the military as a8 simulant fcr the

spectrozCcopic behavior snC i10nic Teactionse OFfF The chemical sasnt YA

{161,

TERRESTR 1AL FATE  DMHP will hgdrcluze in moist soils. Alztouvgh no
THElfTliTe can be ez timaTed ToTF The s0il matviz, the hyd 1431378

re at leact ez f2:% as im weter DMHP will leach extensivaiw.

possitly Teaching Croun watéT Wwnere 1¢ should hydroluze€ conb.

zince 1vs hydrolvzis na f-life zppezars to be one

AZUATIL FATE Dridk rrlzaszed to water will hydrolyze with - nzlf-lite
'BT'TU €3ye a% 2 < &Nt 15 dayr et Q07C WISEY. T "PBasic Tonditiors tpesd T T
ke hydrolysiz (13225 “he ethgl homplosue of DMHP haz hes~ -—eported
t: photclyze (134 :indizating that DMHF may also pholtcliyze. hcwsver, T
ng vates ctan be estimet=d for either compound (134). DMHP will not
ecrh to sedimentz or bicte and iittie or no velatilization w:ll occur.

ATMOSPHERIC FATE: GOne ztudy report: that DMHP wiil phou014:§’1n moist
agirti however:, no ernvirc- menuallu significent rates can be zstimated

from theit data (134).

T ABIOTIC DEGRADATION: DMHF will huydroluze in water (pH unszpec:-fied} ~
with a@ half-life of qugags at 25 € and 19 dauys et 20 C (122 hi

i€ based on Kineiic cats obtained at higher temperatures
determire an sctrvation energy (E) of 22 (Kcal/mole) and =

preexponential cosfficient (AT o¥F 17287 10{FI0Y where K=hzxp l—=/RTY T —
Hydrolyzis apresr: %to bs faster in base, although reports Lon”lict as

£t how murh fastav tudrclouere will he, A French stody (1237 ovecanted

dats for base hydrolysics that predicted a half-life on the ﬁrcer oF

cseveral days wouls be e€rpected for DPMHP under envirvonmental cconditions
(pH 7, see Reference 122} while another study (132) presented data

thas predicted a haif—-l:¥Fe of I min. vnder envivonmental cornditions.

A hamclogue of DMrP has been reported to photoluze indicatinog the DMHP

may alisc, alithouah no t2tes were cetermined (1347,
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BIQCONCENTRATION: The low octanol/water partition coefficient
suggests that DMHP will not bioconcentrate in aqusatic organisms.

SOIL ADSORPTION/MCBILITY: The low octanol/matermpartition_;ogffig;en‘ o
suggests that DMHP will net sorb to soils or csediments and, therefore
‘| would be expected to leach through soil. possibly reaching grcundwater

if caomplete hydrolysis did rot occur first

VOLATILIZATION FROM WATER/SOIL: The vapor pressure (1.5 mm m3 at 20
C), ability to hydrogen bond. and the high water solubility suggests
that DMHP will not volatilize from water or soils readily.

"PROBABLE ROUTETS OF HUMAN EXPOSURE.  Primary human exposure appears to B

be frem i1ts use a3 & flame retardant in textiles.

-l
[
|
i
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